Materials and Methods

A. Methodology
The objective of this study was to describe the epidemiology and clinical presentation of thyrotoxicosis in the New Zealand indigenous population, based on a hypothesis that Māori have a higher incidence and increased severity of thyrotoxicosis than non-Māori due to a combination of personal, social, and systemic factors. This research is framed within a kaupapa Māori epidemiology methodology [9] , where Māori are positioned at the center, recognizing the impact a colonial history has on current health inequalities for an indigenous population (eg, social deprivation and reduced access to care).
B. Data Collection
Ethical approval for this study was obtained from the New Zealand Northern B Health and Disability ethics committee (13/NTB/4) and was prospectively registered on the Australian New Zealand Clinical Trials Registry (ACTRN: 12613000210774). Written, informed consent was obtained from all participants in accordance with the principles set out in the Declaration of Helsinki, with additional considerations to align to a kaupapa Māori methodology.
The Waikato District Health Board area covers a population of 281 724 adults, of whom 17.3% are Māori (compared to 11.8% in the national 3 376 416 population). Given the predominance of public (socialized) medicine in New Zealand, the local public hospital cares for all living within the region, with very low care delivered outside of the area. As 5% of New Zealand health care costs reside in the private health care service [10] , patients from both of the 2 private endocrinologists were also included in the study. The usual practice in our region is for the referral of all patients diagnosed with endogenous thyrotoxicosis to a specialist endocrine service. All patients (>15 years of age) with a first diagnosis of thyrotoxicosis (TSH <0.1mIU/L) between January 2013 and October 2014 were invited to participate. Patients with iatrogenic hyperthyroidism, hyperthyroidism in pregnancy, transient hyperthyroidism (only 1 TSH recording <0.1mIU/L), and those residing outside of the catchment area or unable to give informed consent were excluded.
Clinical and demographic data were collected on all patients at their first specialist appointment. In New Zealand, ethnicity is classified by self-identity. It does not attempt to measure ancestry or a blood quantum, although all who identify as Māori would be expected to have Māori ancestry. Ethnicity is a common variable for describing differences in population groups, and in this study, ethnicity information was collected using the same method as with the New Zealand national census for consistency [11] . Results were presented as categorical "Māori" and "non-Māori" variables, using a prioritization process to manage multiple ethnicities [12] . Social deprivation was measured using the New Zealand Deprivation Index 2013 [13] , a decile scale of social deprivation for populations, (a value of 10 being the most deprived 10% of small areas in New Zealand) and the New Zealand Index of Socioeconomic Deprivation for Individuals, a questionnaire of 8 questions of markers of deprivation [14] . Population data, with relevant demographics, were derived from the New Zealand 2013 census.
Clinical, laboratory, and radiology findings were used to ascertain the cause of thyrotoxicosis (Graves disease, TMNG, solitary toxic adenoma [STA], thyroiditis, amiodaroneinduced thyrotoxicosis, and iodine-induced hyperthyroidism based on natural history, recent exposure history, findings on ultrasound and 99m technetium isotope scan, TSH receptor antibody positivity [≥4.0 IU/L]). Severity of thyrotoxicosis was determined by both clinical and biochemical measures. Clinical severity was determined using Wayne's index, a diagnostic scoring system of thyrotoxicosis severity using symptoms and signs [15] . The highest available serum free thyroxine (FT 4 ) and free triiodothyronine (FT 3 ; [peak FT 4 and peak FT 3 ]) was used to determine biochemical severity of thyrotoxicosis in univariate analysis, with FT 3 the preferred outcome for multivariate analysis. Both serum FT 4 and FT 3 were measured on a Roche Modular Analytics E170 immunoassay (Roche Diagnostics, Mannheim, Germany) at the hospital-based laboratory or using a Beckman-Coulter Access immunoassay at the community-based laboratory, with results normalized between assays for comparison. Thyroid volume was calculated on ultrasound using an ellipsoid formula of depth, width, and length of each lobe of the thyroid with a correction factor of 0.479, as recommended by the World Health Organization (WHO) [16] . Peak systolic velocity was measured using color Doppler of the right inferior thyroid artery [17] .
C. Statistical Analysis
All analyses were carried out using STATA 13 (StataCorp. 2013, Stata Statistical Software: Release 13. College Station, TX: StataCorp LP) or the Analytical Tools for Public Health [18] .
Continuous variables are expressed as mean or geometric mean (95% confidence intervals [CIs]) following logarithmic transformation, according to their distribution. Student t-test analyses were used to compare means. Categorical variables are expressed as a number (percentage) with Chi Square or Fisher exact analyses done, according to count. Ordinal variables are expressed as median (range) with Mann-Whitney analyses to compare medians. Incidence rates (IR) were calculated using the number of cases divided by the adult population, according to the New Zealand census 2013, with that result adjusted for p100 000pa. Incidence rate ratios (IRR) were calculated by comparing 2 IR to each other. Results for both IR and IRR are presented with 95% CIs. All comparisons are include Māori compared with non-Māori, other than base IRs in which Māori compared with Europeans are included for sensitivity analysis.
Standardized IRs were calculated by direct standardization, using the national Māori population as the standard, in keeping with the kaupapa Māori methodology that underpinned this study [9] . This indigenous population standard was used because international population standards, such as the WHO [19] or Segi [20] , have been shown to misrepresent the generally younger Māori population [21] . For international comparison, direct agestandardization using Segi and WHO standard populations was also undertaken.
Negative binomial regression was used because of overdispersion to control for confounders of incidence (presented as IRR) and linear regression for log [10]-transformed severity outcomes (with coefficients back-transformed and presented as percentage difference).
A P value of <0.05, or IRR CIs that do not cross 1.00 were used to reject the null hypothesis.
RESULTS
Within the study period, 375 individuals met the inclusion criteria, of which 353 (94.1%) participants consented to participate (19 participants excluded, 4 Māori). A recruitment flow diagram is shown in Figure 1 .
Based on the 375 eligible referrals received, the IR of thyrotoxicosis in Waikato, New Zealand, is 73.0 p100,000pa (95% CI, 65. 8-80.8) . Data from the 353 participants (median age 47 years, 81% female, 58% GD, 8% subclinical disease [predominantly TMNG diagnosis, 66.7%]) were used for all other analyses. Table 1 describes the cohort in this study, and Table 2 presents thyrotoxicosis annual IRs.
A. Incidence by Ethnicity
A total of 109 participants were of Māori ethnicity, leaving 244 who were non-Māori (European 87.3%, Asian 8.6%, Pacific Peoples 3.3%, and Middle Eastern/Latin American/ African 0.8%). Māori were a median of 6 years younger and were more likely to reside in an area with the most material deprivation (P < 0.0005). Māori were also more likely to have ever smoked (P = 0.003) and had lower rates of private health care utilization (P = 0.006) ( Table 1 ). The only clinical baseline difference noted was a higher body mass index at presentation in Māori when compared with non-Māori. This was despite an increased percentage weight loss reported for Māori participants compared with non-Māori participants (12.1% vs 8.7% loss of premorbid bodyweight, P < 0.0005). (Table 3) . Non-Māori had higher amounts of amiodarone-induced thyrotoxicosis and STA (Tables 2  and 3 ), but small numbers make it hard to make determinations of accuracy. These results were unchanged when Māori were compared with Europeans only (Table 3 ). Elevated IRRs for Māori were maintained after stratifying for confounding factors (eg, age, deprivation, and smoking behavior; Table 4 ) or standardizing for age and social deprivation (IRR 2.3 [1.8-2.8]) ( Table 5) .
Negative binomial regression modeling, controlling for age, diagnosis, smoking history, and social deprivation identified interactions between ethnicity and diagnosis (P = 0.0002). To manage this, the model investigating the effect of ethnicity on thyrotoxicosis incidence was stratified by diagnosis. This analysis showed that the IRR between Māori and non-Māori was changed after controlling for smoking (GD IRR reduced to 1.6 [1.2-2.3]; TMNG IRR increased to 6.3 [3.7-10.9]), but in both cases remained elevated. Having never smoked was associated with a lower IR of thyrotoxicosis (IRR 0.6 [0.4-0.8] as compared with a current smoker) ( Table 6 ).
B. Clinical Presentation by Ethnicity
Clinically, there was little difference in presentation between 2 two groups ( Table 7) . While overall admission rates were not different between Māori and non-Māori, there was an increase in hospitalization for thyrotoxic periodic paralysis in Māori. Simple univariate comparison of clinical severity (Wayne's index score) and biochemical severity (peak FT 3 ) demonstrated no difference between Māori and non-Māori. However, univariate linear regression, stratified by age due to an identified interaction, found some evidence of a higher Wayne's index (34% increase, P = 0.13) and peak FT 3 (35% increase, P = 0.012) in young Māori (15-39 years), but lower peak FT 3 (22% reduction, P = 0.011) in Māori aged 40 to 64, when compared with non-Māori of the same age group. Māori participants had 53% larger thyroid glands on ultrasound. After multivariate linear regression analyses, controlling for age, gender, diagnosis, social deprivation, private health care, smoking history, and treatment delay in all analyses and, in addition, body mass index in thyroid volume analysis, there was no difference in Wayne's index (P = 0.170), and a reduction seen in the difference of peak FT 3 (29% increase, P = 0.039), and a reduction in difference of thyroid volume (28% increase, P = 0.003).
Discussion
This prospective study demonstrates an overall incidence of thyrotoxicosis in New Zealand of 73.0 p100,000pa within a region of the world that has not previously been well represented. This incidence is higher than most comparable international [1] or New Zealand studies Presented as IRR (95% CI). An IRR with 95% CIs not crossing 1.00 considered significant.
Presented as IRR (95% CI). An IRR with 95% CIs not crossing 1.00 considered significant.CI, confidence interval; GD, Graves disease; IRR, incidence rate ratio, TMNG, toxic multinodular goiter. Presented as IR (95% CI) or IRR (95% CI). IRR 95% CIs not crossing 1.00 is considered significant. Abbreviations: CI, confidence interval; GD, Graves disease; IR, incidence rate (per 100 000 persons per year); IRR, incidence rate ratio; TMNG, toxic multinodular goiter. [5, 6] . This higher incidence in New Zealand may be contributed to by more comprehensive identification of cases (public and private health care; sensitive TSH assays compared with an older study) or an increase in the rate of thyrotoxicosis in New Zealand since previous reports. This study is the first to investigate the incidence of thyrotoxicosis in Māori, the New Zealand indigenous population. The overall incidence of thyrotoxicosis in Māori (123.9 p100,000pa) was more than double that of non-Māori population. While Māori demonstrated an increased incidence of GD (IRR 1.9), the most marked difference was for TMNG (IRR 5.3). When age, smoking, and deprivation were controlled for, GD rate was 1.6 times higher and TMNG was 6.3 times higher in Māori. Correspondingly, there was less amiodaroneinduced thyrotoxicosis and STA in Māori, although information on prevalence of amiodarone prescribing in these communities is not known. While ethnic differences in TMNG incidence is new, incidence differences in GD or allcause thyrotoxicosis have been shown previously. McLeod et al reported GD higher incidence rates in American military personnel in Black and Pacific Island/Asian populations compared with non-Hispanic White counterparts [2] . Similarly, in American military personnel, an incidence of all-cause thyrotoxicosis in Black female soldiers was 1.7 times higher than the non-Hispanic white incidence that has been reported [3] .
Outside of America, within a South African population, incidence of all-cause thyrotoxicosis in black women (23 p100,000pa) was less than half the rate of the comparison group [22] . However, the incidence was increasing rapidly within this group, thought to be due to increasing recognition of the diagnosis, calling into question the difference in incidence seen in this hospital-based study from the 1970's apartheid-era Johannesburg. The influence of thyrotoxicosis recognition is an important consideration when measuring incidence in marginalized populations. In our hospital-based incidence study, underdiagnosis or under-referral due to disparities in health care access and treatment experienced by Māori may influence results [7] . However, underdiagnosis in Māori will have led to an underestimate in the difference of thyrotoxicosis incidence between these 2 populations.
Neither clinical (P = 0.053) nor biochemical (P = 0.932) severity were different when the total Māori cohort were compared to non-Māori. Within patients aged 15 to 39 years, Māori had a 34% increase in Wayne's index and 35% increase in FT 3 levels. This difference was not seen, or reduced in magnitude, after controlling for contributing factors. This inverse relationship between severity and age is well established [23] .
Māori thyrotoxic patients had larger thyroid glands when compared with non-Māori patients, even after controlling for available confounding variables, including diagnosis. Thyroid volume may influence compressive symptoms or be associated with a reduced response to radioactive iodine and antithyroid drug therapy [24] . Differences in thyroid size have been documented between ethnic groups. Kalk et al reported from South Africa a 12.8 g increase in thyroid size for thyrotoxic Black patients compared with thyrotoxic White patients [25] . In nontoxic populations, increased rates of large thyroid glands have been noted in American Black populations [26] as well as in Brazilian Black and 'Mullato' children [27] when compared with local white comparison cohorts. In individuals without thyroid disease, multiple factors are reported to influence thyroid volume, including genetics, gender, and biometrics as well as environmental exposures including iodine, alcohol, and cigarette smoke [28] . However, the factors driving an ethnic difference in thyroid volume are not known and it is unclear if there is an ethnic difference in thyroid size in euthyroid Māori and non-Māori in the community.
Ethnic differences in thyrotoxicosis rates and clinical presentation have been theorized to be due to dietary variations (particularly iodine) [2] , migratory/urbanization [22] , negative life experiences [2, 22] , and age [23] . Māori in this study, similar to the euthyroid population, had increased social deprivation. Increasing social deprivation increased the difference in thyrotoxicosis incidence between Māori and non-Māori (Table 4) while not effecting incidence in the overall population. This is similar to a United Kingdom study demonstrating incremental IR increases of subclinical thyrotoxicosis for each quintile of deprivation [29] . Others have failed to show an impact of deprivation [30] . African American and Pacific Island/Asian populations in America, share a history of marginalization with Māori in New Zealand, living within a power imbalance. Smith et al suggests living with the increased negative life events related to racism, overt and systemic, is related to poor health [31] . While the effect of acute stress has been postulated to influence GD presentation [32] , the effect of racism and/or negative life events has not been investigated. The role, if any, in TMNG is not known.
Smoking has been linked with increased rates of GD (but not TMNG) [33] and increased clinical severity of thyrotoxicosis at presentation [23] . A history of tobacco use, which was more common in the Māori cohort, was associated with twice the incidence of thyrotoxicosis compared with lifetime nonsmokers and reduced the IRR between Māori and non-Māori with GD. Unlike previous studies, smoking did not appear to influence clinical or biochemical severity of thyrotoxicosis nor thyroid volume.
Aligned to the kaupapa Māori foundation of this study, it is recognized that inequities in the distribution of and access to the determinants of health are the real-life postcolonial experience of Māori [34] . These determinants were considered as confounders in this study, but it is acknowledged that these may help understand the drivers of disparity but do not eliminate the difference. The absolute variances between Māori and non-Māori are the reality of thyrotoxicosis for our community and need clear documenting for resource allocation. This is the largest incidence and clinical study of thyrotoxicosis in New Zealand, is the first within the indigenous population, and offers recent data from a region previously poorly covered. However, there are limitations. The study was based in 1 locale and may have been strengthened by a national cohort. While many confounders were considered, residual confounders might exist to explain the differences seen. Additionally, as a hospital-based incidence study, it is subject to referral biases. Public and private endocrine specialists were included, making it unlikely to have missed individuals in the area. Participation rates in the study were very high (94.1%), with ethnic parity in participation. This observational cohort gives a snapshot of approximately 2 years and cannot clarify if this is a transient ethnic difference, but it is supported by increased thyrotoxicosis prevalence in previous Māori cohorts in the region [8, 35] . Likewise, information regarding daily stress, including self-reported experiences of racism, were not collected and could have been useful in further understanding the differences seen between Māori and non-Māori. We have no data on iodine or other micronutrient intake for the participants in this study. Since records began, New Zealand has been known to be iodine deficient due to low soil iodine [36] . This resulted in the introduction of iodination of salt in 1924, although levels were not adequately fortified until 1938 [37] . Due to a decline in iodine levels in the 1990s, fortification of bread (with iodized salt) began in 2009 [38] and supplementation in pregnancy in 2010 [39] . While recent iodine intake information in New Zealand suggests the population has become iodine replete [40] , ethnic differences have not been studied. Additionally, current iodine intake may not be indicative of past consumption, and adequate iodine now would not preclude a history of deficiency. There are no data on differences in iodine intake between Māori and non-Māori, both absolute (total current iodine intake) and relative (historical iodine intake changes since colonization or in personal intake changes since childhood).
CONCLUSION
This prospective study of thyrotoxicosis demonstrates an increased incidence of thyrotoxicosis for Māori in New Zealand of more than double the rate measured in non-Māori population. Of particular note, an over 6-fold increase in TMNG was identified in Māori with thyrotoxicosis. Increased markers of severity, clinical, and biochemical in young Māori and thyroid volume in all were also noted. In order to improve health outcomes for Māori, it is important to further understand these ethnic disparities; understanding disease pathogenesis, developing diagnostic pathways, and ensuring the appropriate allocation of funding will ensure equitable care and outcomes.
